This paper investigates empirically why Japan's household savings rate fell in the 1990s. We constructed an economic model consisting of two types of household: unconstrained life-cycle households and liquidity-constrained households. Unconstrained households generally save, but liquidity-constrained households consume all of their disposable income. We found that the proportion of liquidity-constrained households increased sharply in the late 1990s, which led to a decline in Japan's household savings rate. Our simulation analysis demonstrated that if the proportion of liquidity-constrained households in the 1990s had stayed at the level as that of the late 1980s, the household savings rate would have increased by four percent points in 2001 and 2002. JEL Classification Number: D11,D31 and E21
Introduction
The Japanese economy remained stagnant throughout the 1990s, a period that has often been described as the "lost decade." The household savings rate exhibited a declining trend during this period.
1 Figure 1 shows Japan's household savings rate since 1970. After the savings rate reached its peak (20%) in the middle of the 1970s, it declined steadily over the 1980s and 1990s and fell to a level of 5% in 2001. 2 Japan's household savings rate, once prominent for its strength, is now approximately one-fourth of its peak.
One theory explaining the household savings rate decline focuses on Japan's aging population.
According to the celebrated Life Cycle theory of consumption, consumers save to provide for their old age while they work, and spend their savings after retirement to maintain consumption levels.
Therefore, if the Life Cycle theory is at all applicable when it comes to explaining the saving behavior of Japanese households, aging can indeed account for the fall of Japan's household savings rate in the 1990s. 3 However, it is questionable whether the pace of aging in the late 1990s was fast enough to produce the rapid reduction in the household savings rate that occurred at that time. Thus, the obvious question is: do any other factors exist that could have caused the fall of the household savings rate in the late 1990s? The aim of this study was to answer this question empirically by providing another theory for the decline of the household savings rate in the late 1990s.
Through our study we found that an increase of liquidity-constrained households in the late 1990s contributed to the fall in the household savings rate. We put forward the idea that when Life
Cycle savers are trapped into liquidity constraint, possibly via unemployment, their savings drop to zero. Therefore, as the proportion of liquidity-constrained households increases, the household savings rate falls. In a later section of our study, we provide evidence demonstrating that this was indeed the case for Japan in the late 1990s. Simulation analysis shows that without an increase of liquidity-constrained households, the household savings rate would not have declined so rapidly in the late 1990s.
First we examined the effect of liquidity constraints on the household savings rate based on a simple theoretical model. Then, we undertook empirical analysis to evaluate quantitatively the relationship between liquidity constraints and household savings rates derived from the theoretical model. Finally, we drew conclusions from our analysis.
A Simple Model to Determine the Household Savings Rate
We assumed two types of household in the economy. Some households make their consumption and saving plans in order to maximize utility over their lifetime. They save a positive portion of their income while they work, and spend from the wealth they have accumulated during their working period after retirement, in order to attain a smooth path of consumption over their lifetime. We called this household type "Life Cycle households," abbreviated as LCY households. The other households we grouped together are liquidity-constrained or "rule of thumb" households. Consumption of liquidity-constrained households hinges entirely upon current disposable income, either because they do not hold any liquid assets or because they are unable to borrow to sustain the consumption level that maximizes lifetime utility. 4 Consumption of the i-th LCY household is determined under certainty equivalent assumption as follows: Consumption is based on total wealth, which is composed of human wealth and is defined as discounted present value of labour income, net financial wealth, and tangible wealth. Savings is defined as the difference between real disposable income （ it YD ） and consumption:
Conversely, the savings of liquidity-constrained households amount to zero, because their consumption is equal to their disposable income. Current consumption and savings of liquidity-constrained households are given as follows:
Household savings as a whole ) ( t S are the sum of savings by the LCY households and liquidity-constrained households, the latter of which is zero. Formally, t S may be written as:
where W ：an index standing for LCY households L ：an index standing for liquidity-constrained households
The household savings rate（ t s ） is defined as follows: We can simplify eq.(7) by making certain assumptions about the distribution of human and non-human wealth in LCY households and liquidity-constrained households. Specifically, we made two different assumptions. Under the first assumption, the proportion of human wealth, as well as non-human wealth, held by liquidity-constrained households is the same as that of disposable income. 5 There exists less inequality of wealth distribution between liquidity-constrained households and the LCY households under this assumption, because liquidity-constrained households hold the same proportion of human wealth and non-human wealth as disposable income. Under this assumption, the total wealth held by the LCY households is written as: The proportion of liquidity-constrained households affects household savings rate changes in the following manner:
When the household savings rate is positive, we obtained the following result:
When the household savings rate is positive, the rise in the proportion of liquidity-constrained households reduces the household savings rate. For example, a positive household savings rate means that the LCY households, as a whole, save positive amounts of savings. Therefore, when some of the LCY households are trapped into liquidity constraints, their savings are reduced to zero; thus, aggregate household savings decrease, leading to the fall of the household savings rate. 6 An alternative assumption regarding the distribution of human and non-human wealth is stated as follows: the proportion of human wealth held by liquidity-constrained households is the same as that of disposable income, but LCY households hold, exclusively, the non-human wealth. Under this assumption, there exists a large inequality in wealth distribution between the LCY households and liquidity-constrained households, because the LCY households hold all the tangible assets, as well as financial assets. Under this assumption, the total wealth held by the LCY households is written as: (11), which is further substituted into eq. (7), and arranging the terms, we obtained the following expression for the household savings rate:
The effect of the proportion of liquidity-constrained households on the household savings rate is given by: Comparing eq. (10) with eq. (14), it is shown that:
The more concentrated the wealth holding in the LCY households, the larger in absolute value is the effect of the proportion of liquidity-constrained households on the household savings rate. For example, suppose that the proportion of disposable income held by liquidity-constrained households increases, keeping the total disposable income intact. Under the first assumption, the proportion of non-human and human wealth of the LCY households decreases in the same proportion. Alternatively, when LCY households exclusively hold non-human wealth, the total wealth of the LCY households does not decrease proportionately, nor does consumption of LCY households decrease proportionately.
The implication is that the decrease of consumption is smaller than that of disposable income for the LCY households, leading to a larger fall of the household savings rate.
These two assumptions on wealth distribution are at two extremes. One assumption implies that the income distribution is the same as the wealth distribution, and less inequality of wealth distribution exists between the LCY households and liquidity-constrained households. Under the other assumption, the LCY households exclusively hold the non-human wealth, and liquidity-constrained households do not hold any non-human wealth. The actual situation will lie somewhere in between these two assumptions.
Liquidity Constraints and Household Savings Rate: Quantitative Evaluation
In this section we applied our theoretical model of household savings rate determination to the Japanese aggregate data and evaluated quantitatively to what extent a change in the proportion of liquidity-constrained households affects the household savings rate. In order to translate the theoretical model to the real world, we needed the time series data of wealth, income, consumption, and savings, and we had to assign certain values to the parameters underlying the model. which are likely to be liquidity-constrained, given that unemployed households are more likely to run through all of their liquid assets in order to maintain consumption levels while unemployed. The unemployment rate rose rapidly in the late 1990s, which might have been responsible for the increase in the proportion of liquidity-constrained households. To examine this supposition, we regressed the proportion of liquidity-constrained households on the unemployment rate. Preliminary examination indicates that the two variables have unit roots and are not co-integrated. Therefore, we applied the Cochrane-Orcutt method to estimate the relationship. 8 The estimation results are follows: Both of the 93SNA-based and the 68SNA-based series of the items in income and outlay accounts are available for 1980 to 1984. Thus, we calculated the average ratio of 93SNA-based series to 68SNA-based series over this period, and we multiplied by this ratio the 68SNA-based series prior to 1980. As for the items in the Closing Balance Sheet Account, the link coefficient is the average ratio of 93SNA-based series to 68SNA-based series in the period from 1990 to 1994. 10 As for disposable income, we used an adjusted disposable income series that is consistent with the treatment of social transfer in kind in 68SNA. 11 Accordingly, we also adjusted the household savings rate.
In constructing our wealth series, we defined non-human wealth as tangible assets (land, fixed assets, and inventories) and net financial assets at the beginning of period. Human wealth is defined as the expected discount value of after-tax labour income ( t LY Stochastic process of the after-tax labour income should be specified to calculate human wealth based on eq. (16). We first conducted the unit root test of after-tax labour income, and could not reject the null of unit root. Therefore, we estimated the AR process of the first-differenced series of after-tax labour income. 12 Akaike Information Criteria chose the order of the AR process. It turns out that the first difference of the after-tax labour income is generated by the following AR(1): To calculate the time series of human wealth based on eq.(18), we needed parameter estimates of eq.(17) and the subjective discount rate. As for the subjective discount rate, we used 6.2% per annum, which is taken from Takenaka and Ogawa (1987) . Eq, (17) 
Estimates of t α Series
Given the time series of wealth variables, we can obtain the ratio of non-human wealth to human wealth ( t φ ), which in turn is used, together with other data series, to calculate the marginal propensity to consume from total wealth for LCY households ( t α ) from eq.(9) or eq.(13). The t α series thus obtained is shown in Table 3 . It should be noted that the two series, albeit obtained under two different assumptions on wealth distribution, exhibit a similar trend. The t α series obtained from eq. (9) and eq.(13) takes its minimum and its maximum in the same year. Two t α series also increased gradually in the 1990s.
We expected that the population composition would affect the t α series, because it represents the marginal propensity to consume of the LCY households as a whole. In particular, as the population enrolled at school and/or that after retirement increases, the t α series will rise. To examine this supposition, we regressed the t α series on the population who were younger than 15 years (POP15) and older than 65 years (POP65). It turns out that these three variables have unit roots and are not co-integrated, so we applied the Cochrane-Orcutt method to estimate the relationship. The estimation result, using the t α series obtained from eq. (9) We can see from both of the estimation results that the population increase of those who were younger than 15 years and/or older than 65 years has a significantly positive effect on the marginal propensity to consume with respect to the LCY households, as predicted by Life Cycle theory.
Liquidity Constraints and Household Savings Rate
Next we evaluated quantitatively the effect of liquidity-constrained households on the household savings rate based on eq.(10) or eq. (14) . Table 4 shows the partial derivatives of household savings rate with respect to the proportion of liquidity-constrained households. As was shown theoretically in the previous section, the absolute value of partial derivative calculated from eq. (14) is larger than that calculated from eq.(10). The partial derivative calculated from eq. (14) ranges from -0.4647and -0.3181, while that calculated from eq.(10) ranges from -0.2213 and -0.0646. The average is -0.3892 in the former series and -0.1453 in the latter series. The increase in the proportion of liquidity-constrained households by five percent points leads to the fall of the household savings rate by 1.9 percent points in the former case, while it leads to the fall of the household savings rate by 0.73 percent points in the latter case. It is clear that change in the proportion of liquidity-constrained households exerts a non-negligible effect on the household savings rate.
As was seen at the outset, the proportion of liquidity-constrained households increased substantially in the late 1990s. We calculated by simulation technique an alternative path for the household savings rate in the situation that the proportion of liquidity-constrained households had not increased so much. We also evaluated the impact of demographic change on the household savings rate to identify the relative importance of the change in liquidity constraint and demographic composition.
The simulation analysis took the following steps. Because it is quite likely that the actual wealth distribution is between our two extreme assumptions on wealth distribution, it is fair to say that severe liquidity constraints in the late 1990s had a non-negligible impact on the household savings rate.
Concluding Remarks
Japan's investment-saving balance changed dramatically in the 1990s. In the household sector the savings rate fell, which reduced financial surplus substantially. Some fear that Japan's aging population might further reduce the surplus. Our study showed that the investment-saving balance of the household sector was also greatly affected by cyclical factors, such as the unemployment rate, factors that are closely linked to the size of liquidity constraints. The unemployment rate is partly determined by demand for labour by the corporate sector, which in turn is affected negatively by the debt burden of the corporate sector. 13 The upshot is that, as the corporate sector reduces its debt outstandings, it will lead to mitigation of liquidity constraints by way of the improvement of labour market conditions. Thus, it will contribute to the deceleration of the decline in the household savings rate. It is true that aging exerts a negative effect on the household savings rate. However, it should be remembered that demographic change is structural and slow in nature, so that a corresponding fall in the household savings rate will be gradual; in addition, the actual change in the household savings rate will be compounded by cyclical factors that are associated with liquidity constraints. 
